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OPTICAL SENSOR TO 
RECORDING HEAD ALIGNMENT 

FIELD OF THE INVENTION 

This invention relates to optical sensor to magnetic 
5 recording head alignment in a magnetic tape recording system. 

BACKGROUND 

To increase data storage and retrieval performance, many 
magnetic tape recording systems utilize multi-head, multi- 
channel fixed head structures with narrowed recording gaps and 

10 track widths so that many linear data tracks may be achieved 
on a tape medium of predetermined width- Tape substrates are 
also being made thinner with increased tape lengths in small 
diameter packages. 

Head positioning optical servo systems are employed to 

15 position a recording head in a magnetic tape system over a 
selected track of data; these systems are generally referred 
to as laser-guided magnetic recording (LGMR) systems. 
Misalignment between the recording head and the data track may 
cause data errors during read back and data loss on adjacent 

20 tracks during writing. 

To ensure a working recording head positioning optical 
servo system and magnetic tape cartridge interchange 
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capability the optical servo system should be closely aligned 
with the magnetic recording head. 



SUMMARY 

In a general aspect, the invention features a method of 

5 positioning a recording head relative to an optical servo 

system in a magnetic recording tape system read/write assembly 
including positioning an optical sensor of the optical servo 
system at a first position relative to a selected one of a 
plurality of recording channels on the recording head and 

10 positioning the optical sensor at a second position relative 
to the selected recording channel using an alignment target on 
the recoding head. 

In a preferred embodiment, positioning the optical sensor 
at the first position includes visually aligning under a 

15 microscope the optical sensor relative to the selected 

recording channel along an imaginary line with an optical 
sensor adjuster and temporary locking the optical servo system 
in place with the adjuster. 

The alignment target includes etched parallel alignment 

20 grooves, the alignment grooves positioned parallel to a 
direction of magnetic tape travel. Each of the alignment 
grooves includes a profile to enhance optical signal 
reflectivity. The profile includes a groove depth, a sloped 
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wall having a groove angle and a bottom shape. The groove 
depth is in the range of 200-300 nanometers. The groove angle 
is in the range of 50-60 degrees and the bottom shape is 
round. 

Each of the alignment grooves is fabricated on a silicon 
wafer, an aluminum titanium carbide (AlTiC) wafer or a 
silicon/ AITiC wafer stack. The alignment grooves are 
fabricated using an image reversal resist process or a bi- 
layer resist process. 

The alignment target is positioned between two elements 
of a selected recording channel pair. 

Positioning the optical servo system at a second position 
includes directing a beam of light from the optical servo 
system towards the alignment grooves, moving the optical servo 
system perpendicularly to the alignment grooves until a 
minimum optical reflectance signal is detected by an optical 
sensor of the optical servo system and locking the optical 
servo system with the adjuster when a minimum optical 
reflectance signal is detected. 

In another aspect , the invention features a recording 
head in a read/write assembly of a magnetic recording tape 
system including recording channels fabricated on a wafer and 
an alignment target affixed to the wafer between a first 
recording channel and a second element of the recording 
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channel, the alignment target fabricated to produce an optical 
reflectance signal . 

In a preferred embodiment, the alignment target is 
affixed to the wafer using an ultraviolet (UV) cured adhesive. 

5 The recording head and the alignment target are fabricated 
from the same material. The material is silicon, aluminum 
titanium carbide (AITiC) or silicon - aluminum titanium 
carbide (AITiC) stack. 

The alignment target includes etched alignment grooves, 

10 each of the alignment grooves equally spaced apart from each 
other and arranged parallel to a direction of magnetic tape 
travel. The alignment grooves are fabricated using an image 
reversal resist process or using a bi-layer resist process. 

Each of the alignment grooves has a profile to minimize 

15 optical signal reflectivity. The profile includes a groove 
depth, a sloped wall groove angle and a bottom shape. The 
groove depth is in the range of 200 to 300 nanometers. The 
sloped wall groove angle is in the range of 50 to sixty 
degrees. The bottom shape is round. 

20 In another aspect, the invention features an alignment 

target for aligning a recording head relative to an optical 
servo system in a read/write assembly of a magnetic tape 
recording system including alignment grooves having dimensions 
to fit between two elements of the recoding channel pair 



Docket No. : 06837-119001/Q01-1058-US1 

residing on the recording head, the grooves oriented parallel 
to a direction of tape travel. 

In a preferred embodiment, each of the alignment grooves 
is fabricated to a profile to minimize optical signal 
5 reflectance. The profile includes a groove depth, a sloped 
wall groove angle and a bottom shape. The groove depth is in 
the range of 200 to 300 nanometers. The sloped wall groove 
angle is in the range of 50 to sixty degrees. The bottom 
shape is round. 

10 Embodiments of the invention may have one or more of the 

following advantages. 

The alignment operation of the optical sensor of an 
optical servo system to the recording head can be achieved 
with high precision during engineering, manufacturing, and 

15 post shipment life since the alignment target is permanently 
fixed to the recording head. 

The alignment target does not change over time and with 
varying thermal conditions since it is affixed to the 
recording head and thermally matched to the recording head. 

20 The characteristics of the groove design of the alignment 

target have groove profile and surface reflectivity properties 
that eliminate unwanted secondary reflectance signals and 
provide a higher optical reflectance signal to optical sensor 
for position error reading and adjustment. 
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By optimizing the depth, the milled profile and the 
reflectivity ratio of the bottom portion of each alignment 
groove in the alignment target to the top surface around each 
alignment groove of the alignment target, high optical 

5 reflectance signals are obtained, thus providing precision 
feedback for alignment of the optical sensor of an optical 
servo system to a recording head. 

While in service after manufacturing, a low power 
microscope may be used to recalibrate the alignment of the 

10 optic sensor to the recording head using the permanently 
positioned alignment target. 

Alternative recording head designs may utilize the 
alignment target fabricated from a variety of materials such 
as silicon, aluminum titanium carbide (AITiC) and a silicon/ 

15 AITiC stack. 

The details of one or more embodiments of the invention 
are set forth in the accompanying drawings and the description 
below. Other features , objects, and advantages of the 
invention will be apparent from the description and drawings, 

20 and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of an exemplary magnetic tape 
recording system. 
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FIG. 2 is a block diagram of a cross section of the 
read/write assembly of FIG. 1. 

FIG. 3 is a prospective view of the recording head of 
FIG. 1. 

5 FIG. 4 is a cross sectional view of the alignment target 

of FIG. 2. 

FIG. 5 is a block diagram of an exemplary microscope. 
FIG. 6 is a flow diagram of an alignment process. 
Like reference symbols in the various drawings indicate 
10 like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an exemplary magnetic tape recording 
system 10 includes a delivery system 12 , a read/write assembly 
14 and a pickup system 16. The delivery system 12 houses a 

15 magnetic tape 18. The magnetic tape 18 travels past a 

recording head 20 and an optical servo system 22 contained in 
the read/write assembly 14 and is delivered to the pickup 
system 16. The recording head 20 reads and writes 
information, generally referred to as data, to a magnetic 

20 surface of the magnetic tape 18 as it travels from the 

delivery system 12 to the pickup system 16. As the magnetic 
tape 18 passes over the recording head 20 the magnetic tape 18 
may become misaligned with respect to the intended track 
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position due to, for example, lateral tape motion (LTM) . 
Changes in lateral tape position are detected by the optical 
servo system 22 when optical servo tracks are located on a 
non-magnetic surface of the magnetic tape 18 and compensated 

5 for via a closed servo control loop. 

Referring to FIG. 2, the read/write assembly 14 includes 
the recording head 20 and the optical servo system 22. An 
actuator 24 is shown connected to the read/write assembly 14. 
In operation, the recording head 20 and the optical servo 

10 system 22 are fixed in position relative to each and thus more 
in unison when the read/write assembly 14 is moved. The 
magnetic tape 18 moves across the recording head 20 and a set 
of four data tracks (not shown) are recorded to or read from 
the magnetic tape 18. In this example, the recording head 20 

15 includes a series of recording channels 26, 28, 30 and 32 
residing on the recording head 20. Each recording channel 
includes bumps having a writer and a reader that writes and 
reads data to and from the magnetic tape 18 respectively. In 
operation, the optical servo system 22 utilizes a servo track 

20 (not shown) on a non-magnetic surface 34 of the magnetic tape 
18 to detect lateral tape motion (LTM) of the magnetic tape 18 
along an axis 36. Compensation of LTM is done by positioning 
of the read/write assembly 14 relative the tape 18 via 
movement of the actuator 24. 
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More specifically, the optical servo system 22 directs a 
beam of light upon a particular one of the optical servo 
tracks located on the non-magnetic surface 34 of the magnetic 
tape 18. Reflections of the beam of light from the optical 

5 servo track result in electronically discernible LTM position 
error signals. The position error signals are sent to an 
optical feedback control loop that generates a bi-directional 
head position correction sending current to a coil motor that 
results in a servo bias torque. The bias torque is applied to 

10 the actuator 24 to move the read/write assembly 14 along the 
axis 36 relative to the magnetic tape 18 and thereby follow 
the magnetic tape 18 despite the presence of LTM. 

During manufacture of the read/write assembly 14, an 
optical sensor 37 of the optical servo system 22 is located at 

15 a first position relative to one of the recording channels on 
the recording head 20. The optical sensor 37 of the optical 
servo system 22 is closely aligned at a second position 
relative to the recording channel on the recording head 20 
using an alignment target 38. The alignment target 38 is used 

20 to manually position via an adjuster 40 the optical sensor 37 
of the optical servo system 22 and the selected recording 
channel. This alignment process using the alignment target 38 
may be used during the manufacturing of the read/write 
assembly 14. The alignment target 38 may also be used to 
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closely align the optical sensor 37 and the selected recording 
channel in the field at a customer's site. Using the 
alignment target 38, the adjuster 40 is used to move and lock 
into position the optical servo system 22 relative to the 

5 recording head 20. The adjuster 40 moves the optical servo 
system 22 in a direction parallel to the axis 36. The 
adjuster 40 is also capable of rotating the optical servo 
system 22 relative to the recording head 20 and thus adjust an 
azimuth of the optical servo system 22 relative to the 

10 recording head 20. Without this alignment during system 14 
production, misalignment of the optical servo system 22 and 
the recording head 20 may yield a large lateral offset between 
the two. This could lead to the inability of a recording head 
in a second, different, magnetic tape recording system from 

15 reading data on a tape that has been written on the tape by a 
recording head in a first magnetic tape recording system due 
to the large lateral offset between optical servo systems and 
recording heads in the respective magnetic tape recording 
systems . 

20 More specifically, if data is written to a magnetic tape 

by a first recording head having a large lateral offset from 
its optical servo system, a second recording head having a 
large but opposite lateral offset from its optical servo 
system will be unable to compensate for the difference between 
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the first and second offsets because of an inherent limited 
range of lateral motion in each recording head. The second 
recording head will be unable to read the data from the 
magnetic tape. Thus, it is important to minimize the offset 
5 of optional servo systems to recording heads in all magnetic 
tape recording systems. 

Referring to FIG. 3, a front prospective of a portion of 
the recording head 20 includes the alignment target 38 
positioned, for example, between bump 44 and bump 4 6 of 

10 recording channel 28. Thus, the alignment target 38 with 
grooves 42 resides between bumps 44 and 46. Read and write 
elements are located on bumps 44 and 46, i.e., a channel pair 
is divided. One element of a pair resides on one bump and the 
other element of a pair resides on the other bump. By element 

15 we mean a merged read-write thin-film transducer. For a 

recording head with more than one channel, other pairs would 
also reside on bumps 4 4 and 46. Each channel pair is arranged 
so that the tape 18 passes one element of a pair on one bump 
to the other element of the pair on the other bump. In this 

20 manner, data that is written by each channel on one bump is 
immediately read and verified by the matching channel element 
on the other bump. In general, a bump is a surface shaped so 
that aerodynamic forces hold the tape to the bump as the tape 
travels over the read-write head. 
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The alignment target 38 is fabricated and permanently 
affixed to the recording head 20 so it will not interfere or 
make physical contact with the magnetic tape 18 as the 
magnetic tape 18 travels across the bumps of the recording 
5 channels 26, 28, 30 and 32 during the operation of magnetic 
tape recording system 10. 

In another example, the alignment target 38 is made on a 
flat head recording head (not shown) that has no bumps 
present. A flat head recording head includes a signal 

10 exchange surface that is substantially flat along the entire 
length over which it contacts the tape. Alignment grooves are 
cut on the recording head itself between read write elements. 

As mentioned above, the alignment target 38 is used to 
closely align the selected recording channel relative to the 

15 optical sensor 37 of the optical servo system 22 during 

manufacture of the read/write assembly 14 and thus minimize an 
offset between the recording head 20 and the optical servo 
system 22. In addition, since the alignment target 38 is 
permanently affixed to the recording head 2 0 between bumps, 

20 the alignment target 38 may be used in the field after 

manufacturing to align the optical sensor 37 relative to the 
selected recording channel to keep any increment in lateral 
offset that develops over time while in service minimized. 
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The alignment target 38 includes one or more alignment 
grooves 42. The alignment grooves 42 are etched into the 
alignment target 38 and oriented to provide an optical 
reflectance signal in conjunction with the optical servo 
5 system 22. This optical reflectance signal is detected by the 
optical sensor 37 and used to closely align the optical servo 
system 22 to the selected recording channel via the adjuster 
40. 

Referring to FIG. 4, a cross-section of the alignment 
10 target 38 illustrates the three etched alignment grooves 42. 
Although a single alignment groove may be utilized, using 
three alignment grooves 42 provides for an azimuth adjustment, 
described below. Each of the alignment grooves 42 is 
fabricated to a profile to provide a high contrast optical 
15 reflectance signal when the optical servo system 22 directs a 
beam of light towards the alignment target 38. To achieve a 
high contrast optical reflectance signal, it is preferred that 
each of the alignment grooves 42 has a depth (D) 48 of three 
hundred to four hundred nanometers. It is also preferred that 
20 each of the alignment grooves 42 be shaped with a fifty to 

sixty degree wall angle (0) 50 and a rounded bottom 52. It is 
more preferred that the wall angle (0) 50 be fifty-four 
degrees. This combination of depth 48, angle 50 and rounded 
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bottom 52 orientation provides a generally low optical 
reflectance signal . 

Each of the alignment grooves 42 is spaced apart to adapt 
to an alignment process , described below, using one or more 

5 spots of light directed by the optical servo system 22 towards 
the alignment grooves 42. A groove-to-groove spacing (S) 54 
of approximately twenty-four micrometers (24 jum) is preferred, 
although other groove-to-groove spacing can be utilized. 

Each of the alignment grooves 42 is formed in silicone 

10 using wet chemical etching, dry chemical etching or ion 

milling. Angled ion milling provides a suitable alignment 
groove profile that produces a low optical reflectance signal. 
Wet chemical etching of silicon using crystal orientation 
dependent etching methods also provides a consistent alignment 

15 groove profile- 
Aluminum titanium carbide (AZTiC) patterning is performed 
using an image reversal resist process. Alternatively, AlTiC 
patterning is performed using a bi-layer resist process. Each 
of the alignment grooves 42 in the AlTiC wafer is ion milled 

20 at a high angle to produce a sloped wall in the groove. The 
angle 0 50 of this wall is such that the optical sensor 37 of 
the optical servo system 22 does not receive any reflection of 
light from the wall of an alignment groove. If AlTiC 
patterning is performed using an image reversal resist 
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process, a dielectric such as aluminum oxide (AI2O3) can be 
deposited into the alignment grooves 42 and using the lift-off 
properties of image reversal the excess alumina can be removed 
from outside the alignment grooves 42. 

5 Alternatively, a lower optical reflectance signal can be 

achieved from the alignment target 38 by using a single layer 
antiref lection (AR) coating deposited in the alignment grooves 
42 using image reversal photolithographic techniques. The 
high contrast achievable on AlTiC with the use of a metallic 

10 reflective coating, such as Chromium, is also possible. 

The ability to have the alignment target 38 made of AlTiC 
means there is no thermal expansion differences between the 
recording head 20 and the alignment target 38 since the 
recording head 20 is typically fabricated from a AITiC wafer. 

15 It is preferred that the alignment target 38 be fabricated 
from the same material used to fabricate the recording head. 

As mentioned above, the alignment target 38 is cut to fit 
between a recording channel pair. The alignment target 38 is 
meant to be a permanent feature of the recording head 20. The 

20 alignment target 38 is thinned so as not to protrude past the 
recording channel bumps and interfere with the magnetic tape 
12 as it travels across the recording channels. 

After the alignment target 38 is fabricated it is 
manually placed between a recording channel pair. Referring 
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to FIG. 6, an alignment process 100 includes visually aligning 
(102) one or more of the alignment grooves 42 of the alignment 
target 38 under a microscope, such as microscope 60 in FIG. 5, 
to an imaginary line connected to a selected recording 

5 channel. Once visually lined up along the imaginary line, the 
alignment target 38 is permanently bonded (104), preferably 
with an ultraviolet (UV) cured adhesive, to the recording head 
20, between the recording pair. 

After the alignment target 38 is permanently bonded to 

10 the recording head 20, one or more spots of light are directed 
(106) towards the alignment target 38 by the optical servo 
system 22. Using the adjuster 40, the spots of light produced 
by the optical servo system 22 are moved (108) across the 
alignment groove (s) 42 in a direction perpendicular to the 

15 direction of tape motion, i.e., across the alignment grooves 
42 etched in the alignment target 38. As a spot of light hits 
the alignment target 38 it is reflected back, producing an 
optical reflectance signal. The optical sensor 37 of the 
optical servo system 22 detects (110) the optical reflectance 

20 signal. During the perpendicular motion, reflectance of the 
spot(s) is received by the optical servo system 22 and 
recorded (112) . When the spot of light is centered over one 
of the alignment grooves 42 the optical reflectance signal is 
at a minimum and the corresponding voltage is at a maximum. 
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By moving the optical servo system 22 laterally across the 
alignment grooves 42 using the adjuster 40, the optical servo 
system 22 can be closely aligned to any one of the alignment 
grooves 42 on the alignment target 38, Once the optical servo 

5 system 22 is closely aligned to a selected one of the grooves 
42, i.e., a minimum reflectance/maximum voltage is detected, 
the optical servo system 22 is manually locked down (114) with 
the adjuster 40. The alignment process 100 minimizes the 
lateral offset between the selected recording channel and the 

10 optical servo system 22. The recording head 20 is ready for 
the subsequent steps in the manufacturing process. 

The alignment process 100 described above may also be 
used to adjust an optical azimuth between the recording head 
20 and the optical servo system 22. In operation, three 

15 equally spaced spots of light are directed by the optical 
servo system 22 towards the three equally spaced apart 
alignment grooves 42 on the alignment target 38. The optical 
servo system 22 is rotated in a plane perpendicular to the 
alignment grooves 42, thus rotating the three spots that are 

20 directed towards the alignment target 38. When the optical 

reflectance signals of the three spots detected by the optical 
servo system 22 are equal, i.e., each of the three detected 
voltages are equal, the azimuth of the recording head 20 and 
the optical servo system 22 is aligned. The optical servo 
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system 22 is locked down using the adjuster 40. The recording 
head 20 is ready for the subsequent steps in the manufacturing 
process . 

A number of embodiments of the invention have been 

5 described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. For example, one of the recording 
channels on the recording head may be fabricated with an 
alignment groove etched on a recording channel between the 

10 channel's writer and reader. 

In another example, as the magnetic tape recording system 
is in service after manufacturing, the alignment target may be 
used to make coarse positional adjustments to the optical 
servo system relative to the selected recording channel. 

15 Using a low power microscope, the optical servo system directs 
a spot of light towards the alignment target. The optical 
servo system is moved manually using the adjuster until the 
spot as seen under the microscope is centered over one of the 
alignment grooves. Once centered over the alignment groove, 

20 the optical servo system is locked in place by the adjuster 
and the magnetic recording tape system is ready for continued 
use . 

Accordingly, other embodiments are within the scope of 
the following claims. 



WHAT IS CLAIMED IS: 
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